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Abstract 
A custom CMOS image sensor designed for catheter based visible and Near-Infra-Red (NIR) endoluminal 
applications is presented. The architecture of the integrated pixel is under IP protection and presented for the first 
time in this contribution. The main characteristics are tunable dynamic range and global shutter capability in a 
controlled light environment. The imager was electrically and optically characterized. Characterization results show 
high dynamic range and an improved image response if compared to standard linear pixels, both in the visible and in 
the NIR ranges, making the sensor suitable for the target application. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The continuous quest for painless diagnostic procedures has resulted in greater interest in endoluminal techniques 
for several districts of the body. To reduce the invasiveness of the procedures and improve the diagnostic capability 
of devices, it is mandatory to develop new mechanical, electronic and optical parts to be integrated in more and more 
miniaturized devices. About vision systems, the new trend is chip-on-tip technology, i.e. the integration of the 
complete vision system on-tip to the instrument, including the imager, the illumination system and the optics [1]. 
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This is a big step forward if compared to traditional instruments where the camera is generally placed outside the 
body and illumination and images acquisition are guaranteed by a complicated lens system or optical fibers [2]. To 
make this possible, the interest on CMOS technology for the sensor fabrication is much increased because of the 
capability to integrate on a single piece of silicon the sensitive part and the control electronics, ensuring a high level 
of miniaturization [3]. The work presented in this contribution is a CMOS imager developed for visible and NIR 
endoluminal applications. The main features targeted during the design phase were high sensitivity, not only in the 
visible but also in the NIR region and a simple control interface through a reduced number of pins. A resolution of 
256x256 pixels was considered a good compromise for image quality vs. chip dimensions. All the internal blocks 
were designed to guarantee low power consumption and a simple control of the full chip. Prototypes fabricated in the 
AMS 0.35μm OPTO technology were finally characterized. 
2. Imager architecture 
The CMOS imager, namely NIR-EYE1, is a 256x256 active-pixel gray level camera-on-a-chip sensor (Fig.1(a), 
Tab.1). The sensor architecture is shown in Fig.1(b), the main blocks included in the chip are the pixel array, 256 
Column and 256 Row Decoders for pixel selection, 256 Column Amplifiers for correlated double sampling (CDS) 
and a matrix level data double sampling (DDS) block for the subtraction of fixed pattern noise (FPN) [5] introduced 
by pixels and CDS blocks mismatch, an analog reference block for the generation of voltage references and biasing 
currents needed for the system biasing and a clock generator. Additionally, the system operability is managed 
internally by a custom controller and the interface with the external world is guaranteed by an I2C-like interface for 
the input control and an analog-differential one for data output. 
 
  
   (a)           (b) 
Fig. 1. Layout (a) and block diagram (b) of NIR-EYE1 image sensor. 
Table 1 Imager main characteristics 
Main characteristics Dimension Value 
Resolution  256x256 
Optical format Inch 1/6 
Pixel pitch μm2 7.0x7.0 
Fill Factor % 25 
Shutter type  Rolling 
Die Size mm2 3.9x3.9 
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2.1. Pixel architecture 
The pixel architecture is a standard linear configuration (Fig. 2). The high dynamic range (HDR) is obtained by 
conditioning the reset transistor through the CONTR line with a ramp/step-wise signal applied through the EXT pin, 
which can be generated through a DAC integrated in the imager. It is worth mentioning that HDR is guaranteed in 
case of controlled light conditions. 
 
 
Fig. 2 Schematic of the pixel and the row level control electronics 
At the beginning of the integration phase the array is reset row by row by connecting the RES signal to CONTR. 
During the integration time the CONTR terminal is connected to EXT and the discharge of the pixel is conditioned 
on the basis of the shape of curve applied to EXT. 
3. Sensor characterization 
A test board was designed and developed to characterize the NIR-EYE1chip. The set-up is composed by a main 
board and a dedicated “eye PCB” designed for the specific chip control. This set-up was used for both electrical and 
optical characterization. The chip is supplied at 3.3V. The typical values for the master and the output clocks are 
12MHz and 4MHz respectively, with a duty cycle of 50% in both cases. A basic verification of a full functionality 
of the sensor was successfully done. Most of the internal blocks were characterized independently, mainly to verify 
swing and linearity of the response. The power consumption, in normal operation, was measured being less than 
25mW at ambient temperature with a frame rate of 4 frame per second (fps). Significant parameters were extracted 
by an optical characterization in case of continuous and switched light. 
The signal applied to the EXT terminal for the characterization is reported in Fig. 3. The shape of the curve is 
programmed internally by defining voltage slopes and thresholds through the I2C-like interface. 
 
Fig. 3 Signal applied to the EXT terminal and used for the sensor characterization 
The power responsivity of the sensor was measured over five light power decades in the visible range and in the 
NIR one at 850nm. Furthermore, to highlight the HDR capability of the sensor, a comparison between the behaviors 
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in case of continuous and switched illumination, synchronized with the integration time, was performed. The main 
results are summarized in Table 2 and the power responsivity is reported in Fig. 4. 
It is worth noting that the performance in the NIR are comparable with the one in the continuous range. 
Additionally, the claimed high dynamic range capability in case of switched light is confirmed, with a pixel noise 
[5] of the 0.24%, which is less than one half of the case of continuous light illumination. 
Table 2 NIR-EYE1optical performance 
Main characteristics Dimension Swithced light / visible range Continuous light / visible range Continuous light/NIR@850nm 
Dynamic range dB 83.8 49.6 45.5 
PN (pixel noise) % 0.24 0.60 0.25 
FPN (fixed pattern noise) % 0.84 0.81 1.30 
SNR (max) dB 46 48 47 
 
 
 (a)      (b) 
Fig. 4 Comparison of the imager power responsivity in case of operation with EXT fixed to a constant value of 0.6V (VRES_Const) and driven 
by the ramp presented in Fig. 3 (VRES_Ramp) (a); imager power responsivity in the NIR@850nm with EXT fixed at 0.6V (b).  
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